The bias observed between methods developed to assess the baroreflex control of Heart Rate (HR) lead to gain further insight into those methods. In two groups of subjects were studied: a group of young adults, and a group of middle-aged adults, cardiovascular (CV) and respiratory parameters were continuously recorded during a graded bicycle exercise. This study focused on the sequence method, and its particular time sequence pattern (up and down sequences). Features of respectively the up and down sequences were analysed through comparative analysis and sequence pattern analysis. No significant changes were noticed between the up and down sequences for both the number of sequences and the baroreflex gain. A synchrony was present according to the phase of respiration and also with the diastolic arterial pressure (dap). It may suggest a relation between the baroreflex function and the Bainbridge reflex in governing CV oscillations.
Introduction
The baroreflex response to arterial pressure changes acts through several effector mechanisms (heart rate (HR), cardiac output (CO), peripheral resistance (PR)). The response of HR is the most studied, since the study of other baroreflex effector mechanisms should face to the difficulty of getting reliable beat-to-beat quantifiable measures.
The baroreflex control of heart rate (HR) is asssessed by an index named BRG (Baroreflex Gain, ms/mmHg) through numerous methods in order to evaluate the state of the baroreflex function. Those indexes estimate the overall ability of the baroreflex function; but they do not permit the characterization of specific attributes of the baroreflex system. Thus, the presence of counfounding effects relative to each method may introduce a bias in the value. However, their clinical relevance has been demonstrated, showing decreasd values to be an independent risk factor after myocardial infarction [1] . A single measure does not allow to disentangle the part of the cardiovascular variability and oscillations to be ascribed to the baroreflex system from that reflecting the cardio-respiratory interactions. This study focused on the pionneer method used to compute the BRG: the sequence method [2] , which can be derived from spontaneous variations from systolic arterial pressure (sap) and RR intervals (rr) [3] . This method allow to separate the feedforward pathway (rr→sap) from the baroreflex feedback pathway (sap→rr). However, this method do not untangle confounding effects of the respiration and of rythmic source affecting RR intervals independently from the baroreflex feedback mechanisms [4] .
Local pattern analysis in the time domain is fostered in order to extract further information and the possible relationship and synchronism with the baroreflex sequences.
Methods
Two groups of subject were studied: a young adult (n = 7 ) and a middle-aged group (n= 9) during an incremental workload bicycle ergonometer test, including successively a phase of rest (REST), following by three epochs of exercise respectively at 10% (EXE1), 20% (EXE2), and 30% (EXE3) of the nominal maximal effort, and ending by a phase of recovery (REC).
Throughout the protocol, arterial blood pressure via photoplethysmography, EKG, and the respiration via a thoracic belt were continuously recorded. All signal were sampled at a frequency of 300 Hz.
The up and down baroreflex sequences were identified as follows: detection of parallel changes in three or more consecutives beats simultaneously in sap and rri either an increase (+rri/+sap) or a decrease (-rri/-sap) with a minimum change between beats of 4 ms for rri and of 1 mmHg for sap values. The baroreflex gain was derived for both the up and down sequences (BRG, ms/mmHg), for the up sequences (BRG+, ms/mmHg), and for the down sequences (BRG-, ms/mmHg).
At the time of occurrence of either up and down sequences, detection of patterns was performed on the respiratory and diastolic arterial pressure (dap) signals. A syntactic pattern recognition algorithm was applied to both signals, a complete description can be found in [5] . This algorithm allows to transform the signal to a string of symbols representing an up ramp (u), down ramp (d), a nadir (n), an apex (a), or invariant (o) changes observed in the signal. For each baroreflex sequence, the corresponding string sequence in the respiratory and dap signals was analyzed to detect specific sequence pattern described in Fig. 1 in order to observe if template matching occurs between signals and baroreflex sequences.
The ANOVA test for repeated measures (Tukey's test) was used to determine if significant differences were observed among conditions. A p-value < 0.05 was considered as statistically significant. Figure 1: Representation of the eight pattern class representing features of interest for short sequences in periodic oscillations: pattern 1and 3: respectively upstroke and downstroke sequences containing the apex; pattern 2: upstroke followed by downstroke containing the peak; pattern 3: downstroke sequence containing the apex; pattern 4 and 8: respectively downstroke and upstroke sequences without the apex and nadir point; pattern 5 and 7: respectively donwstroke and upstroke sequences containing the nadir point; pattern 6: downstroke followed by an upstroke sequence containing the nadir point.
Results
The cardiovascular variables are summarized in Table  1 . Both group showed a significant decrease of rr intervals with exercise, with a parallel non significant increase in hemodynamic variables. The middle-aged group exhibited lower values for rr intervals and a higher hemodynamic profile. The sequences represented in average about 30% (REST, REC), 20% (EXE1), 15% (EXE2), 11% (EXE3) of all beats for the young adults; while the sequences counted for about 20% (REST, REC), 10% (EXE1), 6% (EXE2), 1% (EXE3) of all beats for the middle-aged group. Fig. 3, 4 showed typical sequence patterns found at REST (Fig. 3) and EXE1 (Fig. 4) in both the respiratory and dap signals during the occurrence of respectively up and down baroreflex sequences. The up sequences (+rr/+sap) occurred during the phase of expiration around the maximum effort, while similar behavior is observed to the dap signal (around the peak of oscillations). Conversely, the down sequences (-rr/-sap) occurred around the maximum effort encountered during the inspiration, while they occurred around the nadir point in the dap oscillations. 
4.

Discussion and conclusions
The features of the sequence method (BRS-, BRG+, number of sequences) displayed a significant decrease with exercise and its intensity, that is in accordance with other studies [6] . The middle-aged group exhibited lower values for those features whatever the conditions with comparison to the young adult group confirming previous works [7] . The baroreflex gain and the number of sequences did not differ between the up and down sequences meaning that the baroreceptor activity might respond identically to the pressor and the depressor effect.
The sequence pattern analysis exhibited synchronism between the cardiovascular and respiratory parameters at the time of occurrence of the up and down sequences. This result underlined the strong influence of the respiration on the CV variables, and particularly the influence of the respiration on HR ( respiratory sinus arrhythmia (RSA)). The synchrony between the sequence and respiration was already stressed by previous works [2, 9] . The synchronism with dap signal might afford further insight inside the closed relation of CV and respiratory parameters on CV oscillations since the sequences represent about 30% of all the beats contained in the signal. This further confirmation of the close relationship between baroreflex function and Bainbridge or CP reflexes may suggest a different interpretation of this and other BRG indexes and a more solid use of their indubitable clinical value.
